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Abstract 
Transient mass fluctuations are predicted by Woodward in accelerated bodies which are subjected to a change of their 
internal energy. This sort of effects goes under the name of Mach effects. Proving their existence would lead to a 
relatively fast development of rapid space transportation systems. Several tests have been pursued by Woodward 
himself and others, the results being sometimes elusive and contrasting. The potential of this research field, however, 
justifies further investigation. Until now, the tests have been conducted using exclusively capacitors as means of 
energy storage, and the acceleration has been supplied by the Lorentz force or by a piezoelectric actuator. The present 
work explores the possibility to search for Mach effects in bodies subjected to impulsive forces caused by a non-
uniform magnetic field. Such magnetic field would provide both the acceleration and the change in the internal 
energy of the body, required for the expression of Mach effects. It will be shown that an impulsive (bell shaped) force 
applied to a special sort of test body should produce an anomalous final speed of the body itself. A qualitative 
analysis is presented and a possible experimental setup is outlined. 
PACS: 04.80.Cc, 83.60.Np 
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1. Introduction 
 The possibility to transiently alter the mass of a body would probably represent a major breakthrough 
in propulsion physics, in that it would enable the implementation of a unique propulsion system, which 
wouldn’t require the ejection of propellant in order to produce thrust. Instead, the thrust would be 
produced by acting on a body which can vary its mass with a suitably controlled force. The major 
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objection to this possibility is the apparent violation of conservation of momentum. But in 1990 
Woodward (see references [1,2, 4-8]), professor of physics at the California State University, provided a 
set of equations showing that it should be possible, via Mach's Principle, to transiently change the mass of 
a body. The described mass fluctuation would originate from a radiative transaction between the body 
itself and the rest of the mass of the universe. Any momentum gained by the body would be compensated 
by an equal amount of momentum gained by the rest of the universe, which will move by an infinitesimal 
distance in the opposite direction, thus satisfying the momentum conservation law. 
Nomenclature 
E  =  energy (J)  
0E  =  energy density (J/m
3)
0U  = density (kg/m
3)
0m  = mass (kg) 
K  = efficiency (unitless) 
I  = current (A) 
L  = inductance (H) 
F  = force (N) 
a  = acceleration (m/s2)
v  = speed (m/s) 
p  = momentum (kg m/s) 
Constants
G   = Gravitational Constant ( 2121110673.6 | skgm )
c   = speed of light in vacuum ( sm /299792458| )
Subscripts
L  = inductance 
cl  =  classical 
mf  =  mass fluctuation 
AM  =  active mass 
tot  =  total 
AA  = accelerating apparatus 
 The present work is aimed in suggesting a new method of investigation that could be useful for 
verifying the validity of Woodward’s claims, eventually leading to the construction of a simple 
propellantless propulsion demonstrator. 
2. The Theory Of Mach Effects 
 An extensive explanation of the derivation of Mach effects (ME) can be found in the works cited in 
the references, for example in Woodward [1] (note: in equation (10) there is a missing factor of 1/V 
(volume) in the second term on the RHS). 
 The final equation which describes ME related mass fluctuations is the following: 
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where U0 is the local proper matter density, E0 the local proper energy density, c the vacuum speed of 
light, and G Newton’s constant of gravitation. The first term on the RHS is what is usually called the 
“impulse term” and averages to zero for periodic energy curves. The second term is always negative and 
could be related to the generation of negative mass-energy. 
 For the purposes of the present work, we will neglect the second term (which is usually very small) 
and, after collecting all the constant terms into 2 8 5 41 4 1.33 10   k Gc m kg sS    u , and integrating over the 
volume of the active mass (AM), we get the simple relation: 
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2.1 A Note on the “Efficiency” of Mach Effects 
 While there exists early experimental evidence of high magnitude Mach effects [2, 3], the last 
experimental results [4, 5], performed with different measurement systems, show that the magnitude of 
the effect is much lower than one would naively calculate with equation (2). Given these last 
experimental results - and assuming that they represent a genuine indication of ME -, the question why 
the magnitude of the recorded effect is so low compared to the one predicted by the theoretical model 
remains open. Naturally, a misinterpretation of the final equation or some hidden, not yet considered 
antagonistic effect that acts to nullify (completely or in part) the mass fluctuation effect cannot be ruled 
out at this stage. A more in-depth analysis of this topic would be interesting, but goes beyond the scope of 
the present paper. As a first rough attempt to address this issue, it seems reasonable to insert into the mass 
fluctuation equation an efficiency parameter (comprised between 0 and 1), which, for explanatory 
reasons, will be split in two different components: 
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The 1K  parameter indicates how much energy injected into the active mass is effectively contributing to a 
change of the internal energy. Even if at a glance one would say that it should be set to 1, in reality this is 
not the case. The internal energy contributing to ME has to be non-dissipative. Thus all sort of dissipative 
energy (heat, sound, EM radiation) has to be subtracted out. 
 The second efficiency parameter ( 2K ) indicates the efficiency of the ME process itself. An effect 
which could reduce the value of 2K  is a sort of “frequency dispersion”: if the energy storing elements of 
the AM - for example, the single crystals in barium titanate - react at different frequencies and phases, 
their mass fluctuation could interfere destructively, thus reducing the bulk of mass fluctuation. Another 
effect that could modify 2K  is related to the bulk acceleration of the AM. In order for the Mach effects to 
manifest, it was noticed [6] that the AM has to be subjected to acceleration (fact that comes from first 
principles of the derivation itself). But how much is the magnitude of such acceleration affecting the 
expression of mass fluctuation is not yet clear. 
 Unfortunately it is also unclear if the acceleration can be static or it has to change accordingly to the 
second derivative of energy. Which leads to another uncertainty, that is, if the acceleration has to be 
produced by the same agent that is causing 2 2E tw w . Some evidence has been presented by Woodward 
that this doesn’t seem to be a necessary prerequisite [7]. 
 Alas, as long as all the physical processes involved in the mass fluctuation effect are not yet well 
know, it is impossible to assign exact values to these efficiency parameters (this applies especially to 
parameter 2K ). Considering all the possible causes that can work together in keeping 1K  and 2K  low, it 
should not come to a surprise that Mach effects are so difficult to produce and measure. 
3. Proposed Method And Qualitative Analysis 
 The experimental method used so far to investigate the existence of ME is to subject capacitors to 
charge and discharge cycles while they are accelerated. The use of capacitors is well justified by the 
following two reasons: the dielectric materials available today have a reasonably high energy density and 
capacitors can store (and release) energy very fast. This last property is particularly important for 
producing mass fluctuations, because they are proportional to the second derivative of the energy. On the 
other hand, the techniques used for producing the acceleration possess some drawbacks. In the 
mechanically driven acceleration (an example can be found in [2]), the force is applied by means of 
piezoelectric actuators. This poses a series of issues, mainly related to the interface between the piezo-
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actuator and the capacitor, and to the production of pressure waves inside the dielectric. The existence of 
pressure waves, originating from non constant acceleration, means that the dielectric block is not 
accelerated as a whole, not satisfying the requirement for simultaneous bulk acceleration. Furthermore, 
pressure waves could act as local sources of unsynchronized mass fluctuations, with detrimental effects 
on the behavior of the system. In the MLT (Mach Lorenzt Thruster) version [3, 8] the acceleration is 
produced by the Lorentz force. This method eliminates all the problems connected with the use of piezo-
actuators, but the magnitude of the Lorentz force produced in these devices is usually rather small. 
 In an attempt to get the best of both worlds, the use of ferromagnetic materials is proposed. Using 
ferromagnetic materials as active materials for producing mass fluctuations has several benefits. Using a 
divergent magnetic field, it is possible to induce a change in the internal energy of the body and a 
simultaneous unidirectional strong bulk acceleration of the body itself. The main difference between 
accelerating a body by means of a mechanical push and accelerating it with electromagnetic fields is that 
in the former case a pressure wave is generated that is propagating at the sound speed in the body, while 
in the latter all the ferromagnetic particles of the body are accelerated simultaneously in the same 
direction. An effect similar to pressure waves, in a sense that it is a macroscopic mechanical effect as 
well, still remains: tidal forces. Because the divergent magnetic field possesses a gradient, the side of the 
body facing the high field region will be subjected to a stronger force than the opposite side. However, 
these tidal forces would contribute additively to the change of internal energy of the body, as they would 
manifest themselves with the same timing of the other energy storing phenomena (domains alignment, 
magnetostriction). 
Figure 1. Schematic of a possible setup to investigate Mach effects in ferromagnetic bodies. 
 A possible setup is depicted in Figure 1. Here we have a power supply which charges a capacitor up 
to the desired voltage value. A switch (it can be a spark gap or a solid state switch) provides to transfer 
the energy of the capacitor to a coil, in a form of a short and intense pulse. A cylinder of ferromagnetic 
material, for example ferrite, constitutes the active mass (AM) which is initially placed in the region 
where the B-field produced by the coil is divergent. This setup is very similar to what is usually referred 
to as electromagnetic pulse accelerator, or coilgun. 
 The plots in Figure 2 depict the behavior of the following quantities during the pulse (divided in three 
phases): current flowing into the coil IL, energy of the magnetic field EL, force F acting on the AM, mass 
fluctuations Gm0 of the AM, acceleration and speed of the body for both the following cases: 1) “classical” 
acceleration (no mass fluctuation taken into account) and, 2) acceleration taking into account the mass 
fluctuation of the AM. 
 The three phases can be described as follows. As soon as the current starts flowing into the coil, and 
the magnetic field is rising, the mass fluctuation quickly reaches its first positive peak. Because the force 
acting on the body during this phase (phase 1) is still low, the mass fluctuation here hardly affects the 
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acceleration of the AM. During the second phase (phase 2), the current reaches its maximum, just as the 
force acting on the AM, while the mass fluctuation reaches its negative peak. It is during this phase that 
the body gets its extra kick compared to the “classical” acceleration scenario, as a result of the 
combination of maximum applied force and reduced mass. The last phase (phase 3) is similar to the first 
one in that there is not much contribution from the mass fluctuation to the acceleration of the AM: even if 
the decreasing force is still quite high, the positive mass fluctuation in this third phase is rather feeble. 
 Here is a mathematical description of the plots found in Figure 2. The discharge current was modeled 
with the following equation: 
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where k1, k2 and k3 are parameters which depend on the initial voltage of the capacitor and other electrical 
properties of the circuit. The current flows to the coil from a capacitor and an apposite pulse shaping 
network. Equation (4) differs from the classical critically damped discharge equation, in that the first and 
second derivatives are zero at time zero. The behavior thus reflects measurements of realistic discharges. 
This property allows an easier analysis of the mass fluctuation effects. 
Figure 2. Physical quantities during discharge. 
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 The energy in the inductor formed by the coil and the AM (which is a ferromagnetic body) follows 
the equation: 
2
2
1
LL ILE  ,       (5) 
where L is the inductance. It is important to notice that only a fraction of the energy will be transferred to 
the AM, while most of it will go to the vacuum (air) surrounding the inductor: 
LAM EE  0K ,       (6) 
where 0K  is the fraction of the inductor energy transferred to the active mass. The mass fluctuation will 
then be: 
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At the same time, the AM will be subjected to a force: 
2
LIF v .      (8) 
 The force will be also dependent on the position of the AM along the axis of the magnetic field. This 
relation is neglected here, as the variation in position during the pulse is considered to be very small. The 
acceleration, in presence of mass fluctuation, is described by: 
00 mm
F
amf G
 .     (9) 
While the classical form, without mass fluctuation, is: 
0m
F
acl  .     (10) 
 It is important to note that the equation (9) has physical sense only for 0mG  > - 0m . Integrating mfa
and cla  over the time of the discharge, one is able to recover the final speed of the AM in both cases for 
mass fluctuation being present or not: 
dtav
dt
mfmf ³ 
0
;       (11) 
dtav
dt
clcl ³ 
0
,     (12) 
where dt  is the discharge duration. 
4. Experimental Methods 
 The first experimental method that comes in mind which can be used to verify if the actual final 
velocity is mfv  or clv  is to simply measure the final speed of the AM. Even if at a glance this method 
seems straightforward, in reality it presents several difficulties. For instance, it is quite challenging to 
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model perfectly all the energy losses that would be present in the system. In fact, usually the comparison 
between the measured and the (classically) calculated speed is the only way to determine with accuracy 
the losses of such a system. In our case this simple method is obviously not applicable. However, if the 
mass fluctuation of the AM can be driven to a value very close to 0m , the denominator of (9) will become 
very close to zero, and the acceleration will peak to an extremely high value. If it were ever possible to 
get that condition, then the final speed of the AM could be rather high and thereby clearly attributable to 
anomalous effects. 
 An arrangement that may be useful in order to determine whether the final velocity is mfv  or clv , is to 
use two slightly different active masses. They shall have the same mass, same electrical resistance, same 
magnetic permeability (over the same range of applied B field), but different energy storing properties. In 
this way, the final measured velocity after the pulse should be different only if mass fluctuations were 
present. A cautionary note on this approach is that one has to make sure that the force exerted is the same 
for both AMs throughout the whole range of the applied magnetic field. This can be pursued with 
stationary measurements, that is measuring the static magnetic force exerted on the AM at various current 
values (for example with a dynamometer). 
 Another method to discriminate between the two possibilities - which would directly bring to the 
production of a rudimentary propellantless propulsion system - consists in measuring a local violation of 
momentum conservation (Figure 3).  
Figure 3. A possible experimental embodiment. 
 The extra momentum gained by the AM, if mass fluctuation does take place, should be provided by 
an interaction with the rest of the universe, and will not be found in the system which is accelerating it. 
The force acting on the AM during the acceleration, in fact, is exclusively electromagnetic in origin, and 
as such it will be independent on the mass fluctuation occurring in the AM itself. It is worth remarking 
that the coil will not experience a different acceleration in the two cases, because 3rd Newton’s Law still 
applies. In other words, observing the reaction force on the accelerating apparatus alone, or its final 
momentum pAA, would not reveal any anomaly. Therefore, if the AM were left drifting away, its extra 
momentum gained during the phase 3 would go “lost” and unnoticed. Instead, if the AM is stopped 
within the device by mechanical means, its extra momentum (ptot) will be transferred to the device itself, 
which, in absence of external influences, will start to move in the same direction of the AM mass, in 
apparent violation of the momentum conservation law. Now the following question arises: couldn’t the 
stopping of the AM by mechanical means cause a mass fluctuation as well, bringing the total momentum 
of the system to zero? After all, as soon as the AM hits the stopper it undergoes an acceleration and a 
change of its internal energy. A detailed analysis of the collision (and maybe a dedicated experiment) 
would be interesting, but it suffices to say here that it is always possible to reduce the second derivative of 
the energy by increasing the time of collision (for example, using a spring), thus reducing the magnitude 
of unwanted mass fluctuations. 
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 In the discussion above, it has been intentionally excluded that the accelerating system is subjected to 
a mass fluctuation worth noting. Is this assumption really correct? Let’s examine in detail what is 
happening at the coil side during the discharge. The wire which constitutes the coil will be subjected to 
the same – and opposite – force that pushes on the AM. This force will cause stresses in the crystal lattice 
of the wire metal, thus changing the internal energy of the wire itself. At the same time, the coil will be 
subjected to an acceleration, the magnitude of which will depend on its mass. Will the final momentum of 
the coil be altered so that the total sum of both the momentum of the AM and the momentum of the coil 
will give a null vector? It will depend on the ratio between the 1K  and the 2K  factors of the coil and of the 
AM. From this it is possible to see how important is to determine the actual value of these factors (in 
particular the 2K  factor, which seems to be entangled to the acceleration magnitude). However, there is no 
known reason why the 1K  and the 2K  factors should be the same for both systems, so an asymmetry in the 
mass fluctuation produced in the two system (AM and coil) shall in general be always present. 
5. Conclusions 
 The purpose of this paper was to bring to attention an alternate method to investigate the existence of 
Mach effects postulated by Woodward. It has been shown how a particular class of materials 
(ferromagnetic materials) subjected to a pulsed non uniform magnetic field should acquire a final speed 
which is higher when compared to the same classically computed, this anomaly being produced by said 
Mach effects. The mechanism that should originate this anomaly has been explained by the interplay 
between the force applied to the active mass and its mass fluctuation: of particular relevance is the fact 
that, during the pulse, the force is at its maximum when the mass fluctuation reaches its maximum 
negative value. The general description of a possible setup to test the existence of Mach effects has been 
proposed. A setup that not only could be useful in investigating the reality of Mach effects, but that can 
also serve as starting point for the development of a new kind of propulsion system. As a final note, a 
study to determine the origin and the magnitude of the 1K  and the 2K  factors is highly desirable and 
recommended. 
Acronyms 
x AM  - Active Mass 
x ME -  Mach Effects 
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